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Travel Time Index = Peak Period Travel Time 
Free Flow Travel Time















Planning Time Index (PTI) =  95th Percentile Travel Time
Free Flow Travel Time
















Buffer Index (BI) =  95th Percentile Travel Time - Average Travel Time
Average Travel Time
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(7)   
Time Travel Flow Free







































LOS	 Low	Density	US-31W	 High	Density	US-31W	 US-231	
A	 <1.18	 <0.88	 <1.0	
B	 1.18	 1.49	 0.88	 1.12	 1.00	 1.27	
C	 1.49	 2.00	 1.12	 1.50	 1.27	 1.70	
D	 2.00	 2.50	 1.50	 1.88	 1.70	 2.13	
E	 2.50	 3.33	 1.88	 2.50	 2.13	 2.83	





















































































































































































































(7)    




































































































































































































































































































































































































































































































































































































































































Density	 45	 0.423	 75	 33.75	 45.12	
Low	
Density	 55	 1.83	 100	 55	 119.78	



























Friday	 -	 -	 2.06	 4.64	 1.42	 1.43	
Monday-
Thursday	 1.63	 3.19	 -	 -	 -	 -	


















AM	Peak		 PM	Peak		 AM	Peak		 PM	Peak		 AM	Peak		 PM	Peak		
Monday-
Friday	 	-	 	 E	 F	 B	 B	
Monday-
Thursday	 C	 F	 -		 -		 	-	 -	
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































performance	measures.	 First	 and	 foremost	 is	 that	 quantifying	 arterial	 travel	 time	
reliability	 is	 challenging.	 There	 are	many	metrics	 available	 for	 use	 and	 each	may	
indicate	 a	 different	 picture	 of	 reliability	 on	 a	 facility.	 In	 this	 thesis	 three	 arterial	
networks	 were	 examined	 using	 the	 LOTTR,	 PHTTR,	 TTI,	 and	 PTI	 performance	








































































































































































































































































































































































measures	 and	TTI	 and	PTI	 do	not	 compare	well.	 The	proposed	metrics	 indicate	 a	
more	reliability	facility	than	the	TTI	and	PTI	do	in	the	case	of	the	networks	herein	
examined.	 As	 the	 proposed	 metrics	 do	 not	 give	 a	 consistent	 picture	 of	 facility	
reliability	as	 the	TTI	and	PTI,	 future	research	 is	needed	 to	examine	 the	validity	of	
using	 the	 proposed	 performance	 measures	 for	 arterial	 travel	 time	 reliability	
estimation.		




	 Furthermore,	no	matter	 the	metric	chosen	a	reference	 travel	 time	or	 travel	
speed	 is	 always	 needed.	 There	 are	 many	 accepted	 methods	 of	 determining	 this	
reference	 value	 (see	 section	 2.5	 above)	 but	 there	 is	 not	 currently	 a	 generalized	
method	that	works	well	for	all	arterial	sites.	The	choice	of	this	speed	is	as	important	




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AM	Peak		 PM	Peak		 AM	Peak		 PM	Peak		 AM	Peak		 PM	Peak		
Monday-Friday	 ---	 ---	 5.58	 2.44	 1.04	 0.88	
Monday-
Thursday	 1.38	 1.47	 ---	 ---	 ---	 ---	
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US-31W	the	replacement	of	larger	percentages	of	speed	records	with	the	speed	limit	
increases	the	5th	percentile	speed	(and	thus	the	95th	percentile	travel	time).	Using	
this	new	5th	percentile	speed	would	cause	a	lower	PTI	metric	to	be	generated	than	
what	is	really	felt	on	the	facility.		
	
3.4 Evaluating	Future	Projects	using	the	USR	
	
In	addition	to	the	ability	of	the	USR	to	generate	current	conditions	on	a	subject	
facility	the	tool	may	also	be	used	to	estimate	the	effects	of	future	projects	before	
project	implementation.	In	doing	so	performance	measures	may	be	generated	
related	to	the	proposed	project	that	allow	engineers	to	determine	which	project	of	
many	will	be	the	most	beneficial	to	a	facility.	To	this	end	three	spot	improvements	
detailed	in	(2)	determined	to	be	beneficial	by	CDM	Smith	Engineering	were	
incorporated	into	the	US-231USR	model.	Estimated	future	conditions	based	on	
current	measured	data	were	generated	for	each	improvement	and	finally	
performance	measures	were	calculated	and	used	to	determine	which	of	the	
proposed	projects	provided	the	most	improvement	to	the	facility.		
	
3.4.1 US-231	Spot	Improvements		
Three	proposed	spot	improvements	were	examined	for	their	benefit	to	the	US-231	
facility.	These	are	1)	adding	a	left	turn	lane	at	the	Greenwood	Mall	entrance	onto	US-
231	opposite	Bryant	Way,	2)	Providing	dual	left	turn	lanes	from	Cave	Mill	Road	to	
US-231	combined	with	an	extra	through	lane	between	Shive	Lane	and	the	frontage	
road	3)	addition	of	a	left	turn	lane	from	EB	Pascoe	Blvd	onto	US-231.		
Figure	52-Figure	54	below	taken	from	(2)	show	the	proposed	facility	
geometry	to	be	used	for	each	of	the	proposed	improvements.	These	improvements	
are	intended	for	implementation	as	a	total	suite	of	improvements	implemented	
together	to	improve	conditions	on	the	facility.		
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Figure	52:	Cave	Mill	and	Greenwood	Mall	Improvements	
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Figure	53:	Bryant	Way	Spot	Improvement	
	
	
Figure	54:	Pascoe	Blvd	Improvements	
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3.4.2 Evaluating	Proposed	Treatments	using	the	USR	Tool	
Using	the	new	facility	geometry	each	of	the	proposed	spot	improvements	were	
coded	independently	into	a	new	US-231	Scottsville	Road	USR	network.	Each	
network	implemented	only	one	of	the	proposed	improvements	allowing	the	results	
of	each	improvement	to	be	isolated.	As	no	new	signal	timing	data	or	measured	
volumes	were	available	for	the	period	after	project	implementation,	the	current	
measured	conditions	were	used	in	coding	the	USR	tool.	Because	of	this	the	
estimated	data	created	herein	based	on	these	improvements	must	be	used	with	
caution	as	significant	changes	to	the	volume	experienced	on	the	facility	and	signal	
timing	plans	in	place	may	occur	as	a	result	of	project	implementation.	Figure	55	and	
Figure	56	present	a	comparison	of	the	estimated	speed	current	base	data	along	with	
the	estimated	speed	data	after	the	implementation	of	each	improvement.		
	
	
Figure	55:	Estimated	Mon-Thurs	Improvement	Data	
	
15	
20	
25	
30	
35	
40	
6:
00
:0
0	
AM
	
6:
45
:0
0	
AM
	
7:
30
:0
0	
AM
	
8:
15
:0
0	
AM
	
9:
00
:0
0	
AM
	
9:
45
:0
0	
AM
	
10
:3
0:
00
	A
M
	
11
:1
5:
00
	A
M
	
12
:0
0:
00
	P
M
	
12
:4
5:
00
	P
M
	
1:
30
:0
0	
PM
	
2:
15
:0
0	
PM
	
3:
00
:0
0	
PM
	
3:
45
:0
0	
PM
	
4:
30
:0
0	
PM
	
5:
15
:0
0	
PM
	
6:
00
:0
0	
PM
	
6:
45
:0
0	
PM
	
7:
30
:0
0	
PM
	
Sp
ee
d	
(M
ph
)	
Time	(hour)	
U231	Typical	USR	Mon-Thurs	Speed	Comparison	
Base_Condi^ons	
Pascoe_Blvd	
Bryant_Way	
Shive_Lane	
	
	 	
	
62	
	
	
Figure	56:	Estimated	Friday	Improvement	Data	
	
It	can	be	noted	that	in	each	figure	the	estimated	improvement	data	is	generally	near	
or	below	the	base	estimated	data.	The	improvement	data	generated	for	the	Pascoe	
Way	changes	shows	a	slight	increase	in	the	projected	speed	data	as	compared	to	the	
base	data	and	the	other	projected	improvement	data.	The	decrease	in	the	other	
estimated	speeds	is	due	to	the	increased	volume	from	the	side	streets	and	the	
frontage	road	through	the	added	turn	lanes	on	the	facility.	This	allows	more	vehicles	
onto	the	facility	without	the	alteration	of	the	current	signal-timing	plan	in	place	at	
each	intersection.		
	 However,	comparison	of	only	these	performance	measures	does	not	give	the	
entire	picture	of	reliability	on	the	facility.	While	it	is	true	that	the	proposed	
improvements	appear	to	increase	congestion	based	on	the	above	performance	
measures	it	is	important	to	note	that	this	analysis	is	based	on	the	mainline	only.	
When	selecting	an	improvement	project	for	future	consideration	it	is	important	to	
consider	all	portions	of	the	transportation	network	that	will	be	affected	by	the	
project.	The	addition	of	extra	turn	lanes,	for	example,	would	allow	more	left	turn	
vehicles	to	move	at	the	same	time	during	the	left	turn	phase	from	the	side	street.	
This	would	alleviate	the	large	queues	present	on	the	side	street	locations	and	allow	
the	left	turn	phase	to	be	given	lower	amounts	of	green	time	(as	the	same	number	of	
vehicles	now	share	two	lanes).	This	extra	green	time	could	then	be	allocated	to	the	
main	line	through	movement.		
Due	to	the	limited	data	output	items	generated	by	the	tool	and	the	limited	
resources	available	the	examination	of	the	side	street	conditions	on	the	facility	was	
not	possible	at	this	time.	Future	research	is	needed	before	final	project	selection	to	
estimate	the	proposed	improvements	effect	on	the	mobility	and	reliability	of	the	
transportation	system	as	a	whole.			
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Figure	57:	Typical	Mon-Thurs	TTI	comparison	of	Proposed	Improvements	
	
	
Figure	58:	US-231	Typical	Friday	TTI	Comparison	for	Proposed	Improvements	
	
Based	on	these	comparisons	all	improvements	increase	congestion	on	the	facility	to	
some	degree.	However,	comparison	of	only	these	performance	measures	does	not	
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improvements	appear	to	increase	congestion	based	on	the	above	performance	
measures	it	is	important	to	note	that	this	analysis	is	based	on	the	mainline	only.	
When	selecting	an	improvement	project	for	future	consideration	it	is	important	to	
consider	all	portions	of	the	transportation	network	that	will	be	effected	by	the	
project.		
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CHAPTER	4 SUMMARY	AND	FUTURE	RESEARCH	
	
In	this	thesis	arterial	travel	time	reliability	performance	measures	were	examined	in	
depth.	A	first	of	its	kind	comparison	was	conducted	examining	the	difference	
between	the	TTI,	PTI,	and	NPRM	proposed	arterial	travel	time	reliability	
performance	measures.	This	comparison	was	conducted	in	order	to	examine	the	
validity	of	the	proposed	measures	for	arterial	reliability	applications.	By	equating	
each	performance	measure	to	the	categorical	LOS	metric	found	in	the	HCS	2010	a	
direct	comparison	was	made	possible.	Based	on	these	tests	it	can	be	concluded	that	
the	PHTTR	and	LOTTR	match	the	PTI	and	TTI	more	closely	on	the	more	rural,	low	
signal	density	portion	of	the	US-31W	network	as	compared	to	the	more	urban	
segments	examined	herein.	It	was	also	found	that	the	proposed	metrics	produce	a	
more	average	level	estimate	of	the	facility	conditions	than	the	TTI	and	PTI.		This	
calls	for	further	research	into	the	ability	of	these	measures	to	accurately	gauge	
reliability	on	urban	arterial	corridors.		
Furthermore,	it	has	been	shown	that	the	proposed	performance	measure	
“peak	hour	travel	time	ratio”,	when	calculated	for	the	hours	called	for	in	the	NPRM	
may	not	give	a	true	picture	of	the	reliability	of	a	facility.	When	networks	such	as	the	
high	density	portion	of	US-31W	are	concerned	the	true	peak	period	occurs	during	
the	noon	hour.	As	such	calculating	the	PHTTR	metric	for	the	traditional	peak	hours	
indicates	a	reliable	facility	when	in	reality	significant	reliability	issues	exist	that	are	
not	being	captured.	Future	research	is	needed	to	establish	a	methodology	to	capture	
the	true	peak	period	of	a	facility	using	the	PHTTR	(if	that	peak	is	outside	of	the	
traditional	peak	periods	called	for).		
Third,	an	examination	of	the	NPRM	methodology	for	speed	record	
replacement	was	conducted.	It	was	shown	that	when	using	this	methodology,	the	
speed	distribution	of	the	facility	narrows	toward	the	speed	limit.	Furthermore,	this	
narrowing	of	the	distribution	may	cause	an	inaccurate	view	of	facility	reliability	by	
reporting	a	facility	as	being	more	reliable	that	it	truly	is.	These	tests	lead	us	to	
conclude	that	the	proposed	performance	measures	are	limited	in	their	ability	to	give	
a	clear	picture	of	the	reliability	of	a	facility.	Further	research	is	needed	to	fully	vet	
the	application	of	the	proposed	performance	measures	with	respect	to	arterial	
reliability	measurement.	
Finally,	in	chapter	3	above	an	examination	was	conducted	using	the	Urban	
Streets	Reliability	Module	to	determine	its	capacity	to	estimate	current	and	future	
conditions	on	subject	facilities	based	on	current	measured	data.	Using	current	
weather,	accident,	geometry,	and	volume	data,	speed	and	travel	time	records	on	
each	facility	were	generated.	Comparison	of	this	data	to	the	measured	data	revealed	
that	the	USR	generated	conditions	on	each	facility	represent	a	mean	or	average	of	
the	current	measured	conditions.	Future	conditions	after	the	implementation	of	
three	proposed	improvements	to	the	US-231	corridor	were	also	examined.	It	was	
shown	that	the	USR	is	capable	of	producing	future	data	records	that	may	be	used	to	
aid	in	performance	measure	calculation	and	project	selection.	Future	lines	of	
research	were	also	proposed	related	to	using	the	USR	tool	to	generate	metrics	for	
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side	streets	as	well	to	determine	the	benefit	posed	by	each	improvement	on	the	
transportation	network	as	a	whole.		
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